The present study investigates the country-specific determinants of intra-industry trade between Poland and its European Union trading partners in agricultural and food products during the time period 2002-2011. An econometric model for panel data is applied for the analysis of the factors determining Polish bilateral intra-industry trade with European Union countries. The research leads to the formulation of a statement that the intensity of intra-industry trade in agricultural and food products is positively influenced by the intensity of trade with EU countries and the level of economic development of the member countries (as measured by the size of their GDP per capita). Increase in intra-trade turnover is also facilitated by EU membership and by the fact that Poland's trade partners use similar Slavic-based languages. Relative differences in the size of the economies and relative differences in Poland's and its trading partners' levels of economic development have a negative impact. The degree of the imbalance of trade turnover between trading partners also negatively influences the intensity of intra-trade exchange. The research confirms that the impact of all of the identified factors determining intra-industry trade is consistent with the predictions of the theory.
I. Introduction
As a result of technological progress and structural transformation in the world's production and consumption, intra-industry trade has become the dominant form of trade exchange, particularly between industrialized countries. According to the most frequently accepted definition, intra-industry trade occurs when countries simultaneously export and import finished products, semi-finished products, parts and components of products belonging to the same industry, which are close substitutes in production or consumption, or in both of these spheres together (Grubel and Lloyd, 1975) . Intra-industry trade is the subject of numerous theoretical and empirical analyses, leading to the creation of the theory of intra-industry trade, now considered to be an important completion of traditional theories of international trade. Within the still being developed theory of intra-industry trade, the identification of factors determining intra-industry trade is continued. They are generally divided into two categories. The first includes country-specific determinants. These are the characteristics of the economies of trading partners involved in the exchange. The second group are the industry-specific determinants, i.e., the characteristics of the branch within which products are exchanged. The purpose of this work is to identify the country-specific determinants impacting the intensity of intra-industry trade within Poland's trade turnover with EU countries in agricultural and food products.
II. Country-specific determinants of intra-industry trade
Literature on the subject points to a number of factors influencing the intensity of intraindustry trade. As follows from empirical studies, development of this type of exchange depends on the size of the economies of the trading countries, as measured by the size of their GDP. This factor is considered to be particularly important in gravity models of trade (not only intra-industry trade), in which it is a variable determining the mass of countries, which in turn determines the attracting strength of economies (see, for instance, van Bergeijk and Brakman, 2010; Pietrzak and Łapińska, 2014) . Large markets foster the development of intra-industry trade, mainly due to the greater possibilities for extending production there, as characterized by increasing economies of scale. Moreover, as noted by Czarny (2002) , a larger GDP frequently means that the country is better equipped in terms of capital, a condition which favours the development of the processing industry. Those goods subject to intra-industry trade are the diversified products produced by the processing industry. The existence of a positive relationship between the size of the economies of trading countries and the intensity of intra-industry trade is confirmed by numerous empirical studies (see, for instance, Clark and Stanley, 1999; Zhang and Li, 2006; Onogwu, 2013) . Differences between trade partners' GDPs are also important. The smaller these are, the more intense the intra-industry trade. This factor underlies Helpman's statement (Helpman, 1987) , which showed that bilateral trade between countries is directly proportional to the product of their GDPs. Helpman proved the validity of his statement in relation to developed countries. He studied trade conducted by countries belonging to the Organization for Economic Cooperation and Development. Empirical tests of Helpman's statement were also carried out by a number of researchers in relation to non-OECD countries (see, for instance, Okubo, 2007; Czarny and Śledziewska, 2009 ). The results obtained by them indicate the existence of a negative correlation between intra-industry trade and large differences in the size of the countries involved in the exchange. There are, however, such empirical studies that do not confirm this relationship. According to Markusen and Venables (1996) , comparable sizes of economies do not necessarily favour the development of intra-industry trade. Such trade can, in fact, be replaced by mutual direct investments. In empirical studies, differences in the size of trading partners are usually calculated according to the following formula (see, for instance, Zhang and Li, 2006) :
where: GDP j , GDP k -Gross Domestic Product of the country j and its trading partner k.
The above index takes on values from the interval [0;1]. If the differences in GDP between countries are large, then the index approaches the value of 1. When GDP is identical for both countries, then it equalizes 0. An important factor supporting the development of this type of exchange is a high level of GDP per capita. In affluent countries with a high GDP per capita, consumers are more likely to acquire diversified, i.e. more processed, products. Higher incomes mean that consumers can buy more variants of diverse goods or pay more and get the preferred variant of a diversified good. Such consumer behaviours (demand for various products) favours the development of intra-industry trade. This is confirmed by the results of empirical studies conducted by Loertscher and Wolter (1980) and Balassa and Bauwens (1987) . Another way of interpreting the impact of this factor relates to the supply side of the market, or the resources of the production factors of a given country. Theoretical models (see, for instance, Helpman and Krugman, 1985) assume that a higher GDP per capita in the economy corresponds to a higher ratio of capital to labour. Countries where capitalintensive sectors outweigh relatively, produce relatively more diversified products, which in turn fosters the development of intra-industry trade (Bergstrand, 1990 ). An important factor fostering the development of intra-industry trade is also slight differences between the GDP per capita of trading countries. These may demonstrate similar consumer preferences in the countries engaged in trade exchange. This interpretation refers to the concept of similarity of preferences created by Linder (1961) , according to which the intensity and structure of trade largely depends on the degree of similarity between countries. GDP per capita can also be interpreted from the supply side, as an approximation of the proportion of productive factors in the economy (see, for instance, Clark and Stanley, 1999; Niem and Kim, 2010) . Countries similarly equipped in capital and labour have similar opportunities to develop the processing industry that manufactures the differentiated products subject to intra-industry trade. These capabilities increase together with increases in the share of capital in the economy. Differences in GDP per capita between countries are estimated using the formula constructed as in the case of differences in the size of GDP of trading countries. Numerous empirical studies confirm the negative impact of large differences in GDP per capita of trading countries on the development of mutual intra-trade exchange (see, for instance, Turmo et al. 2005; Zhang and Clark, 2009; Sotomayor, 2012) . Other factors supporting the development of intra-trade are trade liberalization and economic integration. As a result of the integration processes, and more specifically, of trade policies conducted within integration grouping, two classic effects are revealed. These are the effect of trade creation and the effect of trade shift. The first effect denotes an increase in the volume of mutual trade exchange between the group partners as a result of the elimination of barriers to trade. It applies to goods that previously, i.e., under the conditions of the autonomous customs policies run by individual countries, were not imported because their prices after adding import tariffs were higher than domestic prices. The abolition of customs duties makes imported goods cheaper than those produced in the country. Consequently, a new trade stream is created which gets stronger when the level of tariffs increases and the difference in production costs is larger. The other effect is associated with a shift in existing trade flows and means the replacement of supplies from third country producers by supplies from producers from member states of the group, whose competitiveness has increased significantly as a result of the abolition of internal trade barriers. Empirical studies (see, for instance, Globerman and Dean, 1990; Wakasugi, 2007; Sudsawasd, 2012; Ramakrishnan and Varma, 2014) confirm that, under conditions of imperfect competition and product differentiation, integration processes and the related process of removing barriers to trade are more conducive to the intensification of intra-industry trade than inter-industry trade. This is the case because those goods subject to intra-industry trade are close substitutes, and therefore they have a fairly high price elasticity of demand. The importance of integration processes for the development of intra-industry trade is associated not only with the reduction of trade restrictions, but also reflects the fact that the integration grouping includes countries with similar levels of economic development. The development of intra-industry trade is significantly affected by the geographical distance between trading partners. The significance of this factor is mainly related to costs of transport and the insurance of goods. In empirical studies, geographical distance is most frequently measured by the number of kilometres between the capital cities of trading partners. Sometimes the cost of sending a parcel by mail (a good) of a certain weight to a specific country is taken as the measure of distance. Crespo and Fountoura (2004) argue that such an approach in expressing distance is justified, because transport costs do not increase linearly together with increases in distance. The existence of a negative relationship between the geographical distance and the intensity of intra-industry trade is confirmed by empirical studies (see, for instance, Cieślik, 2000; Botrić, 2013) . As shown by empirical research, the cultural community of trading countries, in particular, a common or similar language, national identity, tradition and history, facilitate the development of intra-industry trade (Ekanayake, 2001; Mulenga, 2012) . This is mainly due to easier communication, lower transaction costs and similarity in the structure of demand.
Other factors affecting the development of intra-industry trade include a large share of processed goods in the trade volume and a considerable intensity of trade relations between the countries (Byun and Lee, 2005; Ekanayake, 2001) . Empirical studies confirm that the degree of trade imbalance exerts a negative impact on the intensity of intra-industry trade (see, for instance, Lee and Sohn, 2004; Thorpe and Zhang, 2005; Leitão, 2011) . If trade between two countries is not balanced, then the intensity of the intra-industry trade index cannot reach its maximum value. The degree of trade imbalance is determined mostly by means of the following formula (Lee, Lee, 1993) :
where: X jk -the value of exports from country j to country k, M jk -the value of imports to country j from country k.
The above index takes on the value of 0, when the trade exchange between two countries is balanced, and the value of 1 if in the case of one of the countries its exports or imports (but not both exports and imports at the same time) equal zero.
III. Intensity of intra-industry trade between Poland and European Union member states in agricultural and food products
There are many methods for measuring intra-industry trade. An overview is presented by such authors as, for instance, Vona (1991 Vona ( ), or Łapińska (2003 . However, most empirical studies measuring the intensity of intra-industry trade employ the Grubel-Lloyd index, calculated according to the following formula (Grubel and Lloyd, 1975) :
where: X i -the value of exports of the industry i, M i -the value of imports of the industry i.
The above index takes on values from the interval [0;1]. The higher the value of the GL i index, the more intense the intra-industry trade. The GL i index is the so-called simple Grubel-Lloyd index, which allows the intensity of intra-industry trade in individual industries to be evaluated. An aggregated measure is obtained by calculating the weighted average of the indexes for individual industries (GL i ). Weights shall be shares of each of the industries in total trade, i.e., (
The aggregate measure is expressed by the following formula:
The indices of the intensity of intra-industry trade in agricultural and food products between Poland and European Union member states are contained in Table 1 . The presented data show that in 2002-2011 there was a significant increase in the intensity of intra-industry trade turnover between Poland and almost all EU countries. A particularly favourable situation was noted during the examined period in intra-industry trade with the so-called old EU members (EU-15).
In the case of the new members, there were far smaller increases in the intensity of intra-industry trade. In the case of the trade exchange with three new members of the Community, namely, with the Czech Republic, Slovakia and Romania, intra-industry trade indices even saw a decrease. 
IV. Model estimation
In order to identify the factors determining Poland's intra-industry trade with European Union member states in the field of agricultural and food products, a model for panel data was constructed. The Grubel-Lloyd index set for Polish trade turnover with EU countries in the period 2002-2011 was taken as the dependent variable. The bilateral intra-industry trade indices calculated for the three-digit commodity groups were separated according to the Standard International Trade Classification. The study covered the following product sections: SITC 0 -Food and live animals, SITC 1 -Beverages and tobacco, SITC 2 -Crude materials, inedible, except fuels (excluding divisions SITC 27 and SITC 28) and SITC 4 -Animal and vegetable oils, fats and waxes. The study included 26 of Poland's trade partners that were members of the European Union in 2011. The following were taken as potential explanatory variables: GDP, GDP per capita, the index of the relative difference in trading partners' GDP, and the index of the relative difference in trading partners' GDP per capita. Also, the impact of geographical distance between countries was taken into account and was expressed in the number of kilometres between their capitals. In addition, the impact of European Union membership on the increase in the intensity of intra-industry trade was examined. For this purpose, an additional dummy variable for EU was introduced. The model also takes into account use by Poland's trade partners of a similar language, i.e., one belonging to the group of Slavic languages. Therefore, yet another dummy variable (LAN G), was added to the model. Due to the fact that the dependent variable GL kt is an index taking on values from the interval [0;1], a logit transformation of the dependent variable was performed. In this manner, we obtained a dependent variable in the form of the logit ln(GL kt /1 − GL kt ) and this dependent variable's values are contained in the interval (−∞;∞). This eliminated the possibility of obtaining theoretical values of the Grubel-Lloyd index beyond the acceptable interval [0;1].
2 All independent variables, except for dummy ones, were logarithmised. The following research hypotheses concerning the intensity of intra-industry trade in agricultural and food products between Poland and European Union member states were subject to verification: H1: There is a positive correlation between the size of the economies of trading partners, as measured by the size of their GDP, and the intensity of intra-industry trade with these countries.
H2: There is a negative correlation between relative differences in the size of the economies of trading partners (measured by the size of their GDP) and the intensity of intra-industry trade between these countries.
H3: There is a positive relationship between the level of economic development of European Union member states, as measured by the size of their GDP per capita, and the intensity of intra-industry trade between these countries.
H4: There is a negative correlation between relative differences in income per capita of trading partners and the intensity of intra-industry trade. H5: The degree of trade imbalance between trading partners negatively impacts the intensity of mutual intra-industry trade. H6: There is a positive relationship between the intensity of trade exchange between countries, as measured by the share of a specific trading partner in the total of Poland's trade in agricultural and food products, and the intensity of mutual intraindustry trade. H7: There is a negative correlation between the geographical distance which divides trading partners and the intensity of their mutual intra-industry trade. H8: EU membership significantly increases the intensity of intra-industry trade. H9: A similar language, i.e. one belonging to the group of Slavic languages, which is an official language in the countries that trade with Poland, significantly increases the intensity of mutual intra-industry trade.
The assumed research hypotheses allowed the model specification for panel data:
The description of the variables and sources of data used are shown in Table 2 . 
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Variables Variables description where: GDPP Lt, GDP kt -the size of Poland's GDP and GDP of the partner country k, in the time period t. The above index takes on values from the interval [0;1]. If the differences in GDP between countries are large, then the index approaches the value of 1. When GDP is identical for both countries, then it equalizes 0. DP CI kt , The index of the relative difference in Poland's GDP income per capita and in GDP of its partner country k, in the time period t. The index values are calculated with the use of the formula constructed as in the case of DGDPkt.
EU kt
The dummy variable takes on the value 1, if in the year t, Poland and its trading partner k were EU member states, and takes on the value 0, if the two countries, or one of them, did not belong to the European Union. T IM B kt The degree of trade imbalance of trade exchange in agricultural and food products between Poland and the country k, in the year t. The variable was designated as the share of the trade balance with the partner k in total turnover of agricultural and food products. Data source: United Nations (2014). UN Comtrade Database.
T I kt
The share of the country k in Poland's total trade turnover in products of the agricultural and food industry, in the year t. Data source: United Nations (2014). UN Comtrade Database. LAN G k The dummy variable takes on the value 1, when the language of Poland's trading partner is a Slavic language, and equals 0, when it is not a Slavic language. DIST k The geographical distance between the capitals of Poland and its trading partner k.
Data source: Centre D'Etudes Prospectives et D'Informations Internationales (2014).
GeoDist. v kt
The random error in the object k, in the time period t, which consists of the following components: et -impulses affecting all observations in the time period t, u k -impulses affecting all the observations in the object k, ε kt -impulses affecting only observations in the object k, in the time period t.
Source: elaborated by the author.
The estimation of the panel data model, designated with formula (6) was made with the use of the Gretl software 3 , version 9.1.14. There were no a priori assumptions made for the occurrence and significance of individual effects, as well as for the character of the individual effects (fixed or random). The choice of estimation methods (pooled OLS, fixed effects, random effects) was made with the use of a decision procedure from the field of econometrics advocated in the literature (see, for instance: Baltagi, 2001; Muszyńska 2006) . The model is estimated with the use of a least squares method and diagnostic tests were performed. The results of the diagnostic tests are shown in Table 3 . Based on the diagnostic tests conducted, it was found that a suitable model for studying the impact of the macroeconomic determinants of the intensity of intra-industry trade is a model with fixed effects (F E). Therefore, model parameters with fixed effects were estimated. However, the phenomenon of heteroscedasticity occurred, that is the nonhomogeneity of the random components variance within the sample. Heteroscedasticity affects inappropriate estimations of standard errors for individual parameters and the revaluation of the determination coefficient, which may distort the conclusions regarding the significance of variables. Therefore, to ultimately estimate the parameters, the weighted least-squares method was applied (W LS).
V. Results
The values of the statistically significant parameters of the model described with formula (6) are contained in Table 4 . The above model is statistically correct. Seven out of the nine potential explanatory variables proved to be significant. In the model all of the obtained signs for parameter estimates for a particular explanatory variable are consistent with the predictions of the theory. The general performance of the model is satisfactory (Adjusted R 2 = 0.6552). When interpreting the results obtained in relation to the variables that were previously logarithmised, the following interpretation method can be used: an increase in the explanatory variable by 1% causes ceteris paribus an increase or decrease (depending on the sign of the parameter) in the dependent variable of α% (the parameter for a specific explanatory variable). In this case, the dependent variable is the logit, which means that the relation GL kt /1 − GL kt changes by α%, which is the relation of intra-industry trade (GL kt ) and inter-industry trade (1 − GL kt ). The results of the research confirm that the factor that significantly and at the same time positively affects the growth of the intra-industry trade indices is the degree of the intensity of trade exchange between Poland and its trading partners (the variable T I kt ). The intensity of trade was expressed by the share of individual partners in Poland's total trade turnover in agricultural and food products. The resulting value of the parameter α for the variable TIkt indicates that the average increase in the intensity of trade between the countries by 1%, causes a slightly smaller than the proportional (almost by 0.6%) increase in intra-industry trade relative to inter-industry trade. The research hypothesis H6 was verified positively. The variable that significantly and also positively affects the intensity of intra-industry trade is the size of GDP per capita achieved by Poland's trade partners. This variable represents the level of economic development of individual countries. The impact strength of this factor, however, is smaller, as indicated by the parameter α, for the variable P CI kt , which is 0.1512. The research hypothesis H3 was verified positively. A factor that significantly but the same time negatively affects the intensity of intraindustry trade is also the degree of trade imbalance in agricultural and food products between Poland and EU countries. The value of the parameter α of the variable T IM B kt was −0.1323. Hypothesis H5 was verified positively. Statistically significant, though of a smaller impact strength, were the determinants describing the relative differences in the size of the economies and relative differences in the level of the economic development of Poland and its EU trading partners. The study confirms that an increase in the differences of the size of trading countries' GDP (the variable DGDP kt ) has a negative impact on the intensity of intra-industry trade (α = −0.0335). It is similar in the case of the differences in GDP per capita between Poland and its trading partners. Variable DP CI kt has a negative impact on the intensity of this exchange (α = −0.0548). With respect to these variables (DGDP kt and DP CI kt ), the signs obtained were consistent with the predictions of the theory, which led to a positive verification of the research hypotheses H2 and H4. Within the estimated model, two dummy variables proved to be statistically significant. One of them (EU kt ) is related to Poland's and its trading partners' EU membership. This variable had the value of 1 in the years when Poland and its trading partner were members of the European Union, and had the value of 0 when one of the countries (Poland, or its trading partner) or both countries (Poland and its trading partner) did not belong to the EU. The other variable (LAN G k ) describes the cultural ties of trading partners, expressed by the affiliation of a trading partner's language to the Slavic language group. In the case of the dummy variables U E kt and LAN G k based on the evaluation of the sign of the parameter estimate for a particular explanatory variable, one can specify only the direction of the impact of this variable on the dependent variable. A positive relationship between partners' EU membership and the intensity of their mutual intra-industry trade can be inferred from the obtained results. A positive impact on the intensity of bilateral trade also occurs when the population of a country being Poland's trading partner uses as their primary language a language which is a member of the Slavic group of languages. The results obtained are consistent with the predictions of theory and allow the positive verification of the research hypotheses H8 and H9. The variables GDP kt and DIST k proved to be statistically insignificant. Therefore, the remaining research hypotheses failed to be verified positively.
VI. Conclusion
The simultaneous import and export of similar products in the same industry plays an increasingly important role in Poland's trade with European Union member states. This also applies to agricultural and food products. The present work identified the factors that determine Poland's intra-industry trade with EU countries in agricultural and food products. The focus was on the features of the economies of the countries participating in that exchange, i.e. on country-specific determinants. The research conducted shows that the development of this type of trade exchange in Poland is positively influenced by the intensity of trade with European Union countries and by the level of economic development of the member states (as measured by the size of their GDP per capita). The development of intra-trade turnover is also encouraged by such factors as EU membership and the fact that Poland's trade partners use similar Slavic languages. The relative differences in the size of the economies and the relative differences in Poland's and its trading partners' levels of economic development have a negative impact. The degree of the trade imbalance between trading partners also negatively influences the intensity of mutual intra-trade exchange. The study confirmed that the impact of all of the identified determinants of intra-industry trade is consistent with the predictions of the theory.
